Experimental

General Considerations
All manipulations of air-sensitive materials were performed with the rigorous exclusion of oxygen and moisture in flame-dried Schlenk-type glassware either on a dual manifold Schlenk line, interfaced to a high vacuum (10 -3 torr) line, or in an argon-filled MBraun glove box.
Elemental analyses were carried out with an Elementar vario Micro Cube. Hydrocarbon solvents were predried by using an MBraun solvent purification system (SPS-800) and degassed, dried and stored in vacuo over LiAlH 4 . Tetrahydrofuran was distilled under nitrogen from potassium benzophenone ketyl before storage over LiAlH 4 . IR spectra were obtained on a Bruker Tensor 37 FTIR spectrometer equipped with a room temperature DLaTGS detector and a diamond ATR (attenuated total reflection) unit; for the mid infrared region a KBr beamsplitter was used.
[Cp* 2 Ln(thf) 2 ] (Ln = Sm, Yb), [1] [2] [3] [{CpMo(CO) 2 } 2 (µ,η 2:2 -P 2 )], 4 and [Cp*Mo(CO) 2 (η 3 -P 3 )] 5 were prepared according to literature procedures.
Near infrared absorbance (NIR) measurements of 1a and 4
NIR measurements of 1a and 4 were performed with the help of an ATR diamond at room temperature using the FTIR spectrometer Bruker Tensor 37 by means of an NIR lamp, a CaF 2 beamsplitter and a room temperature InGaAs detector ( Figure S3 and S11).
Magnetic Measurements
The magnetic measurements were carried out with the use of a Quantum Design SQUID magnetometer MPMS-XL in the temperature range 1.8 -300 K and with dc applied fields ranging from 7 to -5 T. Measurements were performed on the polycrystalline samples with extreme caution. The sample bag was prepared in glove box, sealed under argon and transferred into the magnetometer immediately. The magnetic data were corrected for the sample holder.
General procedure for ampoule reactions
For the synthesis and recrystallization, two-section and three-section ampoules were used (see .
The starting compounds were loaded into one section of the ampoule in an argon-filled glove box. The section with the starting materials was cooled by immersion in a liquid nitrogen bath, and the required solvent (typically 10 mL of solvent) was condensed in vacuo onto the starting materials. The ampoule was then flame-sealed. The reaction mixture was slowly warmed up to room temperature and then heated to 60 °C until the color had definitely changed from purple to All structures were solved using SHELXS-2013. 6 The remaining non-hydrogen atoms were located from successive difference Fourier map calculations. The refinements were carried out by using full-matrix least-squares techniques on F, minimizing the function (F o -F c ) 2 Figure S2 . IR-spectrum of 1a. Figure S3 . NIR-spectrum of 1a.
S8 Figure S4 . IR-spectrum of 1b. Figure S5 . Solid-state structure of 3 showing the full disordered of the central P 5 -core. Hydrogen atoms are omitted for clarity. S13 Figure S12 . IR-spectrum of 5.
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